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The role of the cervical short flexor muscles in 
maintaining head posture has been recognised 
recently. While a computerised device is 
available for measuring isometric performance 
of this muscle group, no clinical method is 
available. This paper reports on an inexpensive 
and time-efficient method of measuring the 
endurance capacity of the cervical short flexor 
muscle group in a clinical setting. The 
measurement is adapted from an exercise 
described and illustrated by Trott (1988). The 
measurements.of cervical shortflexor endurance 
were reproducible over a one month interval. 
There was a systematic improvement in mean 
endurance capacity for both women and men 
and the possible causes of this are discussed. 
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ORIGINAL ARTICLE 
.Measuring the endurance 
capacity of the cervical 
short flexor muscle group 
The cervical short flexor muscle group is believed to play an 
important role in stabilising the 
position of the head on the neck 
(Fulton 1989,Janda 1988, RiChardson 
1989, Trott 1988). Evidence to 
support this activity was provided 
recendy by reports of an intense 
network of nerve fibres surrounding 
the (::ervical short flexor muscles which 
probably serve a proprioceptive 
function (Gurumoorthy 1991). The 
muscles comprising the cervical short 
flexor group are rectus capitus anterior 
and lateralis, and longus capitus and 
colli (Basmajian 1980, Moore 1985). 
While poor isometric performance of 
the cervical short flexor muscles has 
been observed in females with chronic 
cervical origin headache and forward 
resting head posture (Watson and 
Trott 1991), the nature of this 
association has not been established. 
A computerised device has been 
developed by Watson and Trott (1991) 
to measure the isometric performance 
of the cervical short flexor muscle 
group. Despite its potential, the device 
has not filled the need to measure the 
performance of the cervical short 
flexor muscle group in clinical settings 
because of its high cost and general 
lack of availability. This paper 
proposes a method of measuring 
cervical short flexor muscle endurance 
in a clinical setting with the objective 
of encouraging more physiotherapists 
to measure and record their 
observations. The method is based on 
an exercise for educating anti-gravity 
function of the cervical short flexor 
muscle group (Trott 1988). This is a 
gravity-resisted exercise where the chin 
IS "tucked (upper cervical fle.xion) while 
just taking the weight of the head off 
the pillow" (p. 236-237). It is proposed 
that the length of time during which a 
subject maintains Trott's (1988) anti-
gravity head position measures cervical 
short flexor muscle endurance. 
This paper reports on the 
reproducibility of the proposed 
measure of cervical short flexor 
endurance. The results presented in 
this paper were generated from a larger 
study whiCh received ethicsconunittee 
approval from the University of 
Tasmania. . 
Method 
In the exercise protocol described by 
Trott (1988), subjects lay supine on a 
plinth, retracted their chin and lifted 
their head a short distance from a 
pillow placed under the head. The 
proposed method of measuring cervical 
short flexor muscle endurance refined 
Trott's (1988) protocol in three ways: 
(l) No pillow was used. 
(2) A distance of 2cm from the back of 
the head to the plinth was 
. arbitrarily Chosen to standardise 
the lift frollthe plinth. The 2cm 
lift was confirmed visually by the 
examiner, using a vertical ruler 
placed at the side of the plinth. 
Since head weight differs from 
subject to subject, the same 
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amount of head lift on test and 
retest ensured the same load was 
placed on individual cervical short 
flexor muscles. The test position is 
illustrated in Figure 1. 
(3) The time between assuming the 
test position until the chin began 
to thrust was measured in seconds 
with a stop watch. Chin thrust was 
determined in two ways: by light 
finger pressure over the point of 
the subject's chin, and by 
observation. 
Subjects 
One hundred and five subjects were 
selected randomly from the electoral 
roll of a southern Tasmania 
municipality. Access to the electoral 
roll was gained on the basis of the 
approved nature of the study. Five 
subjects were excluded on the grounds 
that injury to the neck affects cervical 
short flexor muscle endurance, and 
known degenerative conditions of the 
neck cause joint abnormalities which 
can impede the normal performance of 
the deep flexor muscles of the neck 
(Gurumoorthy 1991). The remaining 
100 subjects agreed to participate in 
the study. The reason for the study was 
explained to them and they signed a 
standard consent form. Following the 
initial measurement, the subjects were 
asked to return one calendar month 
later for re-measurement, and 93 did 
so (38 women and 55 men). 
Test procedure 
The same test for cervical short flexor 
endurance was applied at both 
measurement sessions. The test and 
retest results were recorded on 
separate sheets, and no feedback was 
giv~ to the subjects or the examiner 
regarding the results of either test. The 
subjects were not allowed to practise 
before the testmeasutement was taken, 
however they were not asked to·refurin 
from practising the test during the .next 
month. 
Analysis 
Statistical analysis was conducted using 
SASRelease 6.03 (SAS/STAT Users 
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Figure 1. 
The test position. 
Guide Release 6.03 1988, 
Schlotzhauer and Littell 1987). To 
establish the influence of gender on 
cervical short flexor endurance, t tests 
were conducted using the initial test 
measures. These t tests were 
conducted under an hypothesis of 
unequal variance because of the 
unequal numbers of males and females 
in the sample. 
The stability of the proposed measure 
was evaluated by determining the 
association between the test and retest 
sCOres reported as the square of the 
Pearson product moment correlation 
statistic (r2). This statistic has been 
defined as "the proportion of the total 
variation in one set of scores that can 
be explained by the other set" (Maher 
1993 p. 6). A high level of association 
between the scores indicated that the 
same characteristic had been measured 
on both occasions of testing. The level 
of agreement between scores was 
investigated in three ways. Intraclass 
correlations and the percentage 
contribution of the within-subject 
variation to the total variation between 
scores were calculated from the output 
of an analysis of variance procedure 
using it random effects General Linear 
Model (Armstronget al1992). 
The difference between test and 
retest means was investigated using t 
tests for correlated means (reported in 
Runyon and Haber (1972) p. 205). 
This analysis was employed because 
the same test had been applied to the 
same subjects on two occasions. 
Correlated errors were anticipated and 
the occurrence of significant 
differences between means was 
considered to provide evidence of 
systematic changes affecting the scores 
on retest (Altman and Bland 1983). 
Results 
Gender differences 
The female subjects had significandy 
poorer cervical short flexor endurance 
than the male subjects 
(t (I) = -4.53,p <= 0.0001). That is, the 
women were able to maintain the 
required position for a period of time 
which was significandy less than that 
recorded by the men. Women had a 
mean endurance capacity of 14.5 
seconds (SD 4.3). The mean endurance 
capacity for men was 18.2 seconds (SD 
3.3). On the basis of these results, men 
and women were investigated 
separately in subsequent analyses. 
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Figure 2. 
The gender-specific population range for te$t and retest presented as cumulative 
frequencies. 
level of association 
High levels of association between the 
test and retest results were fuund for 
both men and women (women r2 = 
0.86, P = 0.0001; men r2 = 0.88, P = 
0.0001). That is, the measures 
recorded on each occasion were highly 
related and supported the fact that the 
characteristic being measured was 
extremely stable over time. 
level of agreement 
Theintradass correlations were high 
for both men and women. The 
intracIass correlation for women was 
0.92 (lower 95 per cent confidence 
limit 0.82), and for men 0.93 (lower 95 
per cent confidence limit 0.89). 
Richman et al (1980) indicates that 
good agreement between scores occurs 
at correlations above 0.80. The 
individual subject variation from one 
test to the next was similarly small for 
men and women with the within~ 
subject variation contributing 4.2 per 
cent to the total variation between tests 
for women and 3.1 per cent to the total 
variation between tests for men. These 
results indicated that the test measured 
the same characteristic on both 
occasions of testing and restricted 
within-subject variability to less than 5 
per cent for both men and women on 
the second test. 
Systematic changes to the test and 
retest means occurred for both men 
and women. On the second test, a 
mean improvement of 1.2 seconds 
(upper 95 per cent confidence 
limit = 1.7 seconds) occurred for 
women and a mean improvement of 
0.27 seconds (upper 95 per cent 
confidence limit = 0.56 seconds) 
occurred for men. This improvement 
was significant for women 
(:(1) ~ -4.5,p = 0.0001), and approached 
slgmficance fonnen (t(l) = -1.82, P = 
0.07). The population range of the test 
and retest measurements was graphed 
as a cumulative percentage and is 
shown in Figure 2 for both men and 
women to illustrate the gender 
and test differences. 
Discussion 
The proposed measure of cervical 
short flexor muscle endurance 
provided reproducible measurements 
on two occasions of testing one month 
ap.art. The characteristic of the 
measure was stable and there was good 
agreement between individual scoreS. 
The validity of the proposed measur.e 
was not the subject of the present 
examination and remains to be 
established. However, as the measure 
was based on an exercise which was 
reported to improve the isometric 
performance of the cervical short 
flexor muscle group (Trott 1988), the 
proposed measure was assumed to have 
face, construct and content validity 
(payton 1988). In the absence ofa true 
measure of cervical short flexor 
endurance, the validity of the proposed 
measure could be detennined ona 
subsequent occasion by comparing the 
present results with those generated by 
the computerised device described by 
Watson and Trott (1991). 
Men demonstrated significantly 
greater endurance capacity than 
women. As no gender effect was noted 
in the stability of the characteristic, or 
in individual variability between test 
and retest scores, the proposed test of 
cervical flexor endurance capaCity 
appeared to work equally well for men 
and women. A systematic improvement 
in retest scores was observed for both 
men and women, with the mean 
improvement being greater for women 
than for men. Given the 
reproducibility of the test, this 
improvement can be attributed to 
three factors: 
(1) The systematic change may have 
resulted from measurer error. To 
time the test, monitor the head lift 
and establish the moment when 
chin thrust occurred demanded a 
high level of concentration and 
might have been better managed 
by two individuals. The ability of 
the measurer and/or the skill 
needed to detect the moment of 
chin thrust might have improved 
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with practice, leading to the 
change noted over time. 
(2) Since the subjects were not given 
any instruction not to practise the 
flexor exercise between test 
occasions, some might have 
practised the test during the one 
month interval between testing, 
resulting in an improvement in 
performance on the retest session. 
(3) The systematic change may have 
resulted because subjects had a 
better understanding of the test 
procedure on the second occasion 
of testing. However, the proposed 
method of measuring cervical 
short flexor endurance was adapted 
from an exercise to improve 
isometric capacity. The 
proprioceptive function of the 
cervical short flexor muscles has 
been noted. The method of 
measuring cervical short flexor 
endurance might have provided 
sufficient proprioceptive input to 
improve the performance of the 
muscle group on the second test. 
Nevertheless, this explanation of 
the improved performance appears 
the least likely. 
Observation of the cumulative 
frequency graph suggested that the 
systematic improvement was critically 
related to endurance capacity. Subjects 
with poor endurance capacity 
demonstrated greater changes on retest 
than subjects with better endurance 
capacity. Women had significandy 
poorer endurance capacity than men. 
While all subjects with poorer 
endurance capacity might have gained 
a treatment benefit from participating 
in this study, it is possible that the 
women practised more than the men 
between testing occasions. These 
findings should he further tested ona 
larger population with measurements 
made over several different time 
intervals. It would also he useful to 
provide more specific instructions for 
the test protocol. 
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Conclusion 
The adaptation of Trott's (1988) 
exercise to measure cervical short 
flexor endurance capacity is a time 
efficient and inexpensive tool that was 
shown to provide reproducible 
measurements one month apart. The 
short flexor endurance test was shown 
to be stable and, after taking account of 
the random subject effects, ouly small 
within-subject variations occurred 
between test and retest scores. A 
systematic improvement in mean 
endurance capacity occurred for both 
men and women. The improvement 
was significant for women, and non-
significant for men. Measurer error, or 
a learning or treatment effect may have 
contributed to this improvement. 
Further studies are necessary to 
demonstrate the validity of the 
measure and to more fully investigate 
the reasons for systematic mean 
improvement. 
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